SUMMARY. This report describes a case of Mycobacterium tuberculosis infection in a green-winged macaw (Ara chloroptera), confirmed by microbiologic and pathologic diagnostics, and notes a possible human-avian transmission. Clinical signs included cutaneous swellings, profound leukocytosis, and signs of osteomyelitis in the long bones. Proliferation consisted of several nodules with small greenish-caseous foci in cross-section and revealed a severe granulomatous inflammation with intralesional acid-fast rods. Mycobacterium tuberculosis was isolated from subcutaneous nodules and biochemically confirmed. The disease in avian species is of zoonotic importance.
Psittacines are popular pet birds and often live in close contact with their owners. Besides well-known zoonotic diseases (e.g., Chlamydophila [13]), psittacines are the most common avian species known to become infected with Mycobacterium tuberculosis, presumably as a result of close contact with tuberculous owners (4, 16) . Cases of M. tuberculosis infection in other avian species have been reported recently (5) .
Although infections with M. tuberculosis in birds are rare, infected birds could create a potential source of untreated tuberculosis, and, therefore, they have implications for public health in human-to-bird and possibly bird-to-human transmission of tuberculosis. Therefore, early diagnosis of M. tuberculosis infection is of primary importance, and typical clinical alterations have to be recognized. The literature reports similar findings in confirmed cases of M. tuberculosis in psittacines with primary lesions in the lungs or in unfeathered skin around the head (1, 2, 4, 16, 17) .
The current report describes a new form of M. tuberculosis disease in a green-winged macaw (Ara chloroptera) and notes a possible human source of infection.
CASE REPORT
Clinic. A 5-yr-old male green-winged macaw was referred to the veterinary clinic of the University of Zurich, Division of Zoo Animals, Exotic Pets and Wildlife, Vetsuisse-Faculty, Switzerland. The bird was hand-reared by a local pet bird breeder and had since lived in a two-person household with a blue fronted Amazon (Amazona aestiva aestiva) and a budgerigar (Melopsittacus undulatus). The green-winged macaw had developed a progressive swelling on the lateral side of his right femur, reaching distal to mid-tibiotarsus and the medial aspect of the leg. Over the previous few weeks the bird had seemed to be more lethargic. On initial examination the bird's body condition was moderate. A fine needle aspirate (FNA) of the mass revealed low to moderate numbers of ovoid to spindleshaped cells with a pale-bluish cytoplasm and inconspicuous nucleoli. Many multinucleated cells with slightly variably sized nuclei were observed. The numbers of heterophilic cells, plasma cells, and lymphocytes were mildly elevated. Based on these findings a spindle cell sarcoma was suspected.
Further diagnostic evaluation was carried out under general isoflurane (AttaneÔ; Provet, 3421 Lyssach, Switzerland) anesthesia. Whole-body radiographs in latero-lateral and dorsoventral positioning, including legs, were performed. A 9 3 8 3 5-cm soft tissue swelling lateral on the right knee, with signs of osteomyelitis in the right tibiotarsus, was diagnosed (Fig. 1) . Blood was collected from the right jugular vein for hematology and blood chemistry. Results showed a severe leukocytosis with moderate heterophilia, lymphocytosis, and monocytosis, indicating a granulomatous inflammation (Table 1 ). Blood chemistry was within normal limits (7). A FNA and true-cut biopsy of the soft tissue swelling and the bone marrow of the tibiotarsus in the area of the radiographic lesion were taken for cytologic and histopathologic evaluation. FNA of the soft tissue swelling showed the same cell types as the previous FNA. In addi-tion, necrotic cells were seen. The specimen of the bone marrow was not diagnostic. Histologic examination of the hematoxylin and eosin-stained sections of formalin-fixed and paraffin-embedded subcutaneous nodules revealed fibrous tissue that was diffusely infiltrated with macrophages, lymphocytes, heterophils, and plasma cells. Scattered groups of epithelioid and multinucleated giant cells, as well as multiple granulomas with central accumulation of necrotic material surrounded by epithelioid and multinucleated giant cells, were present. A moderate number of acid-fast rods were demonstrated by Ziehl-Neelsen (ZN) staining. A severe, multifocal to locally extensive, granulomatous panniculitis due to mycobacterial infection was diagnosed. No lesions were seen in the bone marrow.
According to the Swiss animal disease ordinance of June 27, 1995 (TSV), the Cantonal veterinarian decreed to euthanatize the bird for public health reasons. The green-winged macaw was euthanatized and was sent for pathology to the National Reference Centre for Poultry and Rabbit Diseases, Vetsuisse Faculty, University of Zurich, Switzerland. In the meantime, the animal collection of the owner was quarantined, and no animal movements were allowed until further notice.
Necropsy findings and microbiology. During necropsy a large (11 3 10 3 7-cm), subcutaneous, soft proliferation at the birds' upper right thigh was observed. It consisted of several separate, partly edematous nodules with many small greenish-caseous foci in cross-section. The enlarged, congested liver showed red light areas and multiple partly confluent grayish foci on the surface and in the parenchyma. All other organs were without significant macroscopic alterations.
No bacteriologic growth was observed in standard cultures (Columbia agar with sheep blood; Oxoid GmbH, Wesel, Germany; and Brolac-Agar; Merck KGaA, Darmstadt, Germany) of heart and liver. In addition, ZN-stained smears were performed of subcutaneous nodules, liver, lungs, intestinal mucosa, and bone marrow. Small numbers of acid-fast rods were demonstrated within multinucleated giant cells in ZN-stained granulomas in the subcutaneous nodules (Fig. 2) .
Samples of nodules, liver, lungs, and intestinal mucosa were collected and fixed in 4% neutral-buffered formalin and routinely processed for histopathology. A moderate multifocal purulent and granulomatous hepatitis and a severe, multifocal to locally extensive, granulomatous panniculitis were diagnosed (Fig. 3) . No other histopathologic abnormalities were detected.
Specimens for culture of a nodule were processed and inoculated into Middlebrook 7H9 broth bottles (pH ¼ 6. Epidemiology. According to the bird owner statement, he had a history of culture-confirmed open pulmonary tuberculosis and had completed a full course of antituberculosis treatment 2 yr prior. The owner had very close contact with the hand-raised bird, including mouth-to-beak feeding.
After confirmation of M. tuberculosis infection in the green-winged macaw all clinic staff members who had been exposed to the bird were tested with an intradermal tuberculin test (Mantoux, 2IU, Tuberculin PPD RT23 SSI; Statens Serum Institut, 2300 Copenhagen, Denmark); in positive cases chest radiographs were obtained. Two veterinarians with a history of tuberculosis vaccination (BacillusCalmette-Guérin) tested positive in tuberculin skin tests but had normal chest radiographs. All other employees tested negative, and no further preventative health measurements were necessary.
The remaining bird collection, a blue fronted amazon of unknown age and sex and a male budgerigar of unknown age, were seized and euthanatized under the authority of the state veterinarian and the Swiss animal disease ordinance of June 27, 1995 (TSV) after the owner refused multiple requests to have the birds euthanatized. Necropsy revealed no specific disease in the blue fronted amazon and a minor fatty liver disease in the budgerigar. No histopathologic lesions were found, and M. tuberculosis infection was excluded by microbiologic examinations.
DISCUSSION
The present case describes a confirmed M. tuberculosis infection in a green-winged macaw. Primary clinical findings were a soft tissue swelling lateral on the right leg, a profound leukocytosis, and a radiologic lesion suspicious for osteomyelitis in the right tibiotarsus. Tuberculosis in a green-winged macaw Although M. tuberculosis primarily causes disease in humans, many animals are reported to be susceptible (11) , but infections in birds are rare. In the majority of cases the disease was diagnosed in psittacines and rarely in other avian species (5) . Much more common is avian tuberculosis caused by Mycobacterium genavense or Mycobacterium avium. Antemortem diagnosis of tuberculosis in exotic birds is difficult, and differential diagnosis should be based on clinical appearances, common imaging, and laboratory techniques. Acid-fast stains of cloacal and tracheal smears are of limited use as a result of numerous false-negative results (14).
Several reports of M. tuberculosis infection in psittacines were found in the literature; all of them describe identical cutaneous swellings around the head and neck (1, 2, 4, 16, 17) . Unfeathered skin around the head as well as lungs are the most frequently affected localization and are therefore suspicious for tuberculosis. This predilection might be explained because no environmental source of M. tuberculosis infection is currently known and because M. tuberculosis is transmitted by aerosols from affected hosts to susceptible species (5). Characteristic lesions for M. tuberculosis were present in the affected macaw; only the localization of the primary lesion was unusual. However, it is remarkable that the primary lesion in the current case occurred in a normal, highly densely feathered proximal leg.
Hematology revealed a profound leukocytosis similar to that described in other case reports (16). In cases of human tuberculosis, erythrocyte sedimentation rate is severely increased in contrast to mild to moderate leukocytosis, unless there is a secondary infection (15) . In our experience, high elevation of leukocytes (;100,000/ll) are rated suspicious for mycobacterial infection in psittacines. Unfortunately, an erythrocyte sedimentation rate will be difficult to establish because of the small available blood volume in these relatively small species.
In combination with the clinical and laboratory examinations, radiology may help to lead to the diagnosis of a M. tuberculosis infection. Most common radiologic alterations are osteomyelitis, periosteal reaction, and pathologic fractures in the long bones (8).
In particular, osteomyelitis in the long bones is suspicious for a generalized microbacterial infection, as it has been diagnosed in the right tibiotarsus of the present case.
For definitive diagnosis, clinical and radiologic correlation is essential, and histologic evaluation is necessary. Unfortunately, the first FNA was misinterpreted as a spindle cell sarcoma. Poor sampling techniques and low cellularity may cause problems in interpreting FNA. Initially tuberculosis was not expected, and therefore cultures and acid-fast stains were not prepared from the material gained by FNA. A study in humans of FNA accuracy revealed that all misdiagnosed lesions were large soft tissue masses (12), as in our case, emphasizing the point that caution should be exercised when evaluating a large, deep-seated soft tissue mass by FNA. Nevertheless, FNA has been recognized as a valuable technique in the initial evaluation of soft tissue lesions, with a high sensitivity and specificity (3, 12) . Attention should be given to specimen adequacy, with some minimal requirement for cellularity, and, furthermore, diagnostic accuracy with this technique increases with the experience of the pathologist and with knowledge of the clinical history (10) . Therefore, we suggest that for this category of lesions, FNA may be supplemented by surgical biopsy for histopathology, including special stains.
The human tuberculosis incidence rate is growing globally (18). Many wild-caught psittacines originate from countries with a high prevalence of tuberculosis among both people and animals (18), and the risk of these animals carrying the infection must be regarded as high. Therefore, early diagnosis of M. tuberculosis in exotic birds is of public health importance, as is the case with other domestic animals, because pet birds are in close contact with people who may be infected, thus enabling the disease to spread to the animals and possibly back again to other people. In the current case the epidemiologic investigation revealed that a person who lived in close contact with the pet bird experienced an active tuberculosis 2 yr prior to the bird's illness. It is assumed that the bird probably contracted the disease from its human housemate. Other reports (5) indicate as well that most cases of M. tuberculosis infections in pet birds result from exposure to human cases, but it is not known if humans can acquire the infection from birds. Nevertheless, infections with M. tuberculosis are rare, and only a limited number of case reports exist, assuming that pet birds are accidental hosts (1, 2, 4, 5, 16, 17) . Newer investigations by molecular methods showed that, unlike that associated with poultry and game birds, the majority of pet bird mycobacteriosis is not primarily caused by M. avium (5). Analysis of medical records at our clinic over the last 10 yr revealed similar results: more cases of M. tuberculosis infection were diagnosed in psittacines than in poultry. Instead, M. avium infections were more frequently cultured from poultry than from exotic birds. Nevertheless, a recent publication showed the increasing importance of M. genavense in pet birds (6) . However, M. genavense was never diagnosed in a pet bird with cutaneous lesions at our clinic.
Treatment of mycobacteriosis was not considered, although successful treatment is reported (9) . The owner's attachment or the bird's value might influence the clinician's decision about necessary measurements. Nevertheless, because of the zoonotic potential, prolonged treatment, poor treatment success, and difficult confirmation of elimination of the disease in birds, euthanasia is the preferred measure in the prevention of tuberculosis, especially in relation to human health.
CONCLUSION
After summarizing the findings of the present case and reviewing case reports in the literature, we conclude that it is advisable to evaluate exotic birds, especially psittacines, with cutaneous swellings, profound leukocytosis, and signs of osteomyelitis in the long bones for mycobacterial infection. Preferably a true-cut biopsy of the affected localization should be collected for culture and histopathology, including acid-fast staining. From a public health perspective, it is imperative that tissue be sent for culture in positive acidfast cases to confirm M. tuberculosis diagnosis.
